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Background

Collaboration and 

teamwork have a long 

research history.

Collaboration are mostly 

measured by outcomes 

(team performance), 

through observation or 

self-report.

Computer-supported 

collaborative learning 

(CSCL) studies examine 

collaboration through 

process data, such as 

discourse and digital 

traces.

They focus on how people 

collaborate with each other 

or with agents, and how 

collaboration enhances 

learning.

Few studies have focused 

on using process 

information to measure 

collaboration skills. But 

collaboration is a process-

oriented construct.

This study aims to 

measure collaboration 

skills using process data, 

such as collaboration 

discourse and turn-taking 

behaviors.

Measurement CSCL The gap

How?
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Background
Theories and multidisciplinary 

research on collaboration provide 

a solid theoretical grounding for 

building indicators from 

collaborative discourse.

Measurement of collaboration 

should capture the ABCs of 

collaboration: Attitudes, 

Behaviors, and Cognitions.

Collaborative Performance Framework (Bedwell et al., 2012)

Innovative Assessment of 

Collaboration (von Davier 

et al., 2017)
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Method - Framework

Discourse

Turn-taking 

behaviors

Discourse
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Method - Annotation

Coding Rubric
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Method - Annotation

GPT Prompts

Coding Rubric
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Method - Annotation

Annotated Output

GPT Prompts

Coding Rubric



Log-transformed out-degree centrality

Participation𝒊 = 𝒍𝒐𝒈 𝟏 + 𝒅𝒊
out

Normalized reciprocity

Interdependence𝒊 =
σ𝒋𝒎𝒊𝒋

𝒅𝒊
out

Normalized closeness centrality

Leadership𝒊 =
𝒏 − 𝟏

෌
𝒋≠𝒊

𝒅(𝒊, 𝒋)

• 𝑑𝑖
out : Total number of outgoing transitions

• 𝑑(𝑖, 𝑗) : Shortest-path distance between individuals 𝑖 and 𝑗

Method - SNA
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Method - Data
• Deliberation Enhancing Bot project, leaded by researchers from University of Cambridge

• First publicaly avaliable multi-person collaborative problem-solving data

• 1,637 adults particpants in 353 groups (3-6 person per group) with over 9,000 utterances

• Wason card selection task: 

Common fallacy: vowel + even 

number confirmation bias. 

Correct approach: vowel (to check 

for an even number on the other 

side) + odd number (to ensure 

there is not a vowel on the reverse) 
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Method - Data
Group id Message id Message type Origin Original text Card selection

G001 1 INITIAL SYSTEM Bee,SYSTEM,Guinea pig,Beaver&&2,7,A,H {"Beaver": ["7", "H"], "Bee": ["2", "A"], "Guinea pig": ["7"]}

G001 2 MESSAGE Guinea pig hi {"Beaver": ["7", "H"], "Bee": ["2", "A"], "Guinea pig": ["7"]}

G001 3 MESSAGE Beaver Hello everyone, so what do you think about the task? {"Beaver": ["7", "H"], "Bee": ["2", "A"], "Guinea pig": ["7"]}

G001 4 MESSAGE Beaver I thought switching 7 and H {"Beaver": ["7", "H"], "Bee": ["2", "A"], "Guinea pig": ["7"]}

G001 5 MESSAGE Beaver would do it, but now after waiting, I am not sure lol {"Beaver": ["7", "H"], "Bee": ["2", "A"], "Guinea pig": ["7"]}

G001 6 MESSAGE Bee
So I figured choosing A and 2 would be the correct solution being that 
vowels have an even number on the other side. This will also be true for 

choosing an even number card. It will have a vowel on the opposite side.
{"Beaver": ["7", "H"], "Bee": ["2", "A"], "Guinea pig": ["7"]}

G001 7 MESSAGE Guinea pig i think h and 2 {"Beaver": ["7", "H"], "Bee": ["2", "A"], "Guinea pig": ["2", "H"]}

G001 8 SUBMIT Guinea pig 2,H {"Beaver": ["7", "H"], "Bee": ["2", "A"], "Guinea pig": ["2", "H"]}

G001 9 MESSAGE Bee Why H? {"Beaver": ["7", "H"], "Bee": ["H"], "Guinea pig": ["2", "H"]}

G001 10 MESSAGE Guinea pig because vowels not present {"Beaver": ["7", "H"], "Bee": ["H"], "Guinea pig": ["2", "H"]}

G001 11 SUBMIT Guinea pig 2 {"Beaver": ["7", "H"], "Bee": ["H"], "Guinea pig": ["2"]}

G001 12 SUBMIT Bee 2,H {"Beaver": ["7", "H"], "Bee": ["2", "H"], "Guinea pig": ["2"]}

G001 13 MESSAGE Beaver
I had at first, but on the other side for me could be not directly next to it. 2A 
just seems to easy

{"Beaver": ["7", "H"], "Bee": ["2", "H"], "Guinea pig": ["2"]}

G001 14 SUBMIT Guinea pig 2,A {"Beaver": ["7", "H"], "Bee": ["2", "H"], "Guinea pig": ["2", "A"]}
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Results - Reliability
Validation Phase (Rounds 4 & 5)

Indicators

Round 4 inter-rater reliability Round 5 inter-rater reliability

Agreement 

percent

Quadratic-weighted 

Cohen’s κ

Agreement 

percent

Quadratic-weighted 

Cohen’s κ

Human 1 

& 

GPT-5

Affect 98.5% 0.959 100% 1.000

Attitudes 97.8% 0.964 99.50% 0.988

Information Sharing 100.0% 1.000 100% 1.000

Task Mental Model 99.3% 0.990 99% 0.990

Cross Understanding 98.5% 0.977 97.40% 0.919

Human 2 

& 

GPT-5

Affect 100.0% 1.000 99.50% 0.989

Attitudes 96.4% 0.952 98.10% 0.972

Information Sharing 99.3% 0.995 99.30% 0.995

Task Mental Model 92.0% 0.895 97.90% 0.978

Cross Understanding 91.2% 0.874 96.70% 0.904

Human 1 

& 

Human 2

Affect 98.5% 0.959 99.50% 0.989

Attitudes 94.2% 0.915 97.60% 0.960

Information Sharing 99.3% 0.995 99.30% 0.995

Task Mental Model 91.2% 0.885 97.40% 0.973

Cross Understanding 89.8% 0.850 96% 0.890
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Application Phase (Rounds 6)

Indicators

Agreement Percent Quadratic-weighted Cohen's κ

GPT5 

vs 

GPT5.5

GPT5 

vs 

Gemini

GPT5 

vs 

Claude

GPT5.5 

vs 

Gemini

GPT5.5 

vs 

Claude

Gemini 

vs 

Claude

GPT5 

vs 

GPT5.5

GPT5 

vs 

Gemini

GPT5 

vs 

Claude

GPT5.5 

vs 

Gemini

GPT5.5 

vs 

Claude

Gemini 

vs 

Claude

Affect 91.3% 89.1% 89.1% 90.5% 86.8% 86.9% 0.803 0.767 0.752 0.808 0.730 0.735

Attitudes 85.5% 85.8% 84.4% 85.3% 83.8% 86.7% 0.824 0.829 0.798 0.834 0.806 0.835

Information 

Sharing
81.2% 75.3% 78.6% 80.3% 81.3% 78.8% 0.844 0.761 0.821 0.831 0.850 0.810

Task Mental 

Model
92.4% 89.2% 89.9% 89.9% 90.7% 89.0% 0.917 0.887 0.894 0.892 0.902 0.887

Cross 

Understanding
75.3% 68.7% 70.5% 71.5% 71.1% 69.2% 0.664 0.584 0.597 0.608 0.586 0.595

Results - Reliability
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Results - Multilevel SEM

1,272 adult participants in 353 groups 

(3-5 person per group)

Three-factor model fit data well, χ² 

(37) = 181.97, p < .001, CFI = 0.946, 

TLI = 0.918, RMSEA = 0.055, SRMR 

within = 0.056, SRMR between = 0.129.

Group-level and individual-level 

collaboration skills were computed by 

averaging three factor scores.
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Results - Qualitative Inspections

• Short and simple statement

• Less mutual regulation

• Reach a rapid consensus

• Explain reasoning explicitly

• More task-focused interaction

• Emerging awareness of others’ 

perspective

• Sustained and reciprocal 

interactions

• Extensive sense-making process to 

reach a consensus
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Future Direction

Stage 1 Feasibility

Stage 2 Generalizability

Stage 3 Implication

• Real classroom environments

• Diverse group structure

• More theory- and data-driven 

indicators from video recordings

• Better modelling approach

• Analytical tools

• Collaboration dashboard

• Real-time feedback generation

• Proposing analytical 

framework
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Thank you!

Q & A
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    Participation 𝒊 =   𝒍 𝒐 𝒈 ⁡   (  𝟏 +  𝒅 𝒊  out )


    Interdependence 𝒊 =    ∑ 𝒋   𝒎  𝒊 𝒋   𝒅 𝒊  out


    Leadership 𝒊 =   𝒏 − 𝟏   ∑  𝒋 ≠ 𝒊  𝒅 ( 𝒊 , 𝒋 )
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